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Abstract: DNA was extracted from 2 cyprinid fishes kept under formalin preservation in 2 different time durations,
and the quality and quantity were analyzed. The tissue samples from specimens preserved for shorter duration yielded
higher quantity of DNA compared to long-term preserved tissues. ANOVA (one way) on the quantity of the DNA from
the samples of 2 periods showed that the genetic material obtained from the recently preserved samples was highly
significant (P > 0.001). The quality of the genetic material irrespective of the period of preservation was found to be
the same. The purpose of the study was to check the viability of extracting genomic DNA from formalin preserved fish
specimens and to estimate the quality and quantity.
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Introduction
Species and population genetic assessment requires
a reliable source of biological material (1). Preserved
type specimens labeled with accurate identity and
locality in museums and national repositories serve
as authentic materials for taxonomic studies. These
samples have been used for taxonomic studies
using conventional methods of morphometric
measurements and meristic counts. However, recent
advancements in molecular biology with approaches
like DNA sequencing have opened avenues ranging
from evolutionary biology to forensic science.
Taxonomists and systematists can use genome
analysis to work out the relationship within species
and branching patterns, hence a molecular approach
targeting the genes encoded by genomic and

mitochondrial DNA has been opted for in systematic
and phylogenetic research (2). Unfortunately,
however, the preserved vertebrates in natural history
museums do not have allied tissue samples for DNA
study since they were collected prior to the molecular
revolution in systematic biology, and also collectors
during those periods did not opt to preserve tissue
samples parallel to preserved voucher specimens
(2,3). Molecular systematists were thus left with the
option of trying to recover usable DNA from the
preserved specimens, particularly for evolutionary
studies. The ability to extract, amplify, and sequence
DNA from various preserved specimens has opened
the possibility of using museum specimens to address
questions pertaining to molecular evolution and
genetic understanding of various species (4).
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The preserved specimens in liquid or fluid
medium are of the following categories, viz. ethanol
preserved, formalin fixed ethanol preserved, and
formalin (buffered) preserved. Usually most of the
national museums hold collections that are either
ethanol preserved or formalin fixed. Formalin-fixed
tissues are one of the popular sources of diagnostic
materials as formalin preserved specimens are
commonly available in institutions and in some
regional museums. They are often used as the source
of nucleic acids for retrospective molecular analyses
based on DNA amplification by polymerase chain
reaction (PCR). The extraction of high-quality
nucleic acid may be problematic in formalin-fixed
tissues because of cross-linking between proteins
and DNA as formalin induces DNA fragmentation
and nucleotide alteration (5). Numerous biological,
physical and chemical factors affect the DNA quality
of specimens from natural history collections.
There are many technical challenges to solving the
formalin problem starting from the wide variation in
preserving methods adopted for specimen’s storage.
Some organisms are fixed in formalin only for short
time and then transferred to alcohol for long-term
storage; others are fixed and stored in formalin
permanently (6). The rapid reaction of formalin with
double helical DNA generally is reversible but over
the long term especially with denaturation of the
DNA, a variety of reactions can occur, many of which
have not been characterized.
Studies have shown that extraction of DNA from
preserved specimens of various forms exists, viz.
formalin fixed (7), paraffin embedded (8), air dried
and ethanol preserved avian tissues (9), and from
scales (10); however, reports on extraction of DNA
from fish specimens are limited, e.g. DNA extracted
from ethanol specimens (11) and formalin fixed
specimens (12,13). However, it is known that nucleic
acids from formalin fixed tissues are much worse
templates than those recovered from fresh tissues.
Hence, it is necessarily important to quantify and this
study aims to compare the quantity and quality of
DNA extracted from formalin preserved samples. In
the present study, genomic DNA was extracted from
tissue samples collected from 2 freshwater fish species
Danio aequipinnatus and Puntius tambraparniei kept
preserved in buffered formalin and a comparative
analysis has been made on the quantity and quality
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of DNA obtained from samples collected during 2
different periods.
Materials and methods
Fish samples
Tissue samples of the 2 fish species Danio
aequipinnatus and Puntius tambraparniei utilized
in this study were from the formalin preserved
collections
of
Manonmaniam
Sundaranar
University Museum of Natural History (MSUMNH),
Alwarkurichi. Specimens were preserved in 10%
buffered formalin. Two sets of 4 samples each per
species were chosen from the collections made
during 2001 and 2007 the recent sample that of 2007
was preserved for a short duration, i.e. 1 month
prior to the experiment. Danio aequipinnatus
occurs throughout India and is commonly found
in the streams and rivers of southern and southeast
Asia. Puntius tambraparniei is an endemic species
restricted to drainages of the Tamiraparani River in
the southern India. Both are small colorful species
of ornamental value.
DNA extraction and analysis
The genomic DNA was extracted from tissue
samples using the method devised by Nishiguchi
et al. (14). Muscle samples (5 mm3) were initially
incubated in a TE buffer overnight to get rid of
fixative. Each tissue sample was digested in 500 μL of
STE buffer containing 0.2% SDS and 250 μL of 10 M
ammonium acetate at 55 °C for 10 h. A small amount
of tissue (the size of a match-stick head) was ground
in a sterile Teflon Eppendorf grinder (Kontes). After
grinding, it was incubated for 1 h. Samples were then
centrifuged at 14,000 rpm for 5 min to pellet the cell
debris and precipitate proteins. The supernatant was
transferred to a new tube and 2 volumes of ice-cold
100% ethanol added to it and then mixed gently by
inverting tubes. The tubes were placed at –20 °C
until DNA precipitates. Again tubes were centrifuged
at 4 °C at 14,000 rpm for 15 min, the resulting
supernatant was separated and the same volume of
cold 70% ethanol was added. The tubes were once
again allowed to spin at 4 °C at 14,000 rpm for 10
min. Then ethanol was poured off and the tubes were
dried completely. The pellets were resuspended in 50
μL of TE buffer overnight at 4 °C or for 30 min at
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40 °C. The precipitate was centrifuged for 20 min at
12,000 rpm in a micro centrifuge. Ethanol solution
was discarded by decantation and pellet was washed
with 1 mL of 70% ethanol. It was then rotated for
5 min at 12,000 rpm in a micro centrifuge. After
discarding the ethanol solution it was let to dry in a
vacuum centrifuge (or at 55 °C). The pellet was again
resuspended in 50-100 μL of TE buffer (pH 7.6) and
the sample was incubated at 45-60 °C to facilitate
dissolution of the pellet.
A portion of the eluted material approximately
10- to 20-fold was diluted in DNA Elution Buffer or
10 mM Tris, pH 8.0. The quantification of DNA was
done by UV spectrophotometric analysis (Spectronic®
Genesys™ 2). The quantity of DNA was measured by
obtaining the absorbance reading at 260 nm and
the purity of DNA was checked by calculating the
ratio of absorbance readings at 260 nm and 280 nm.
Values of 1.7-1.9 generally indicate 85% purity. The
concentration of DNA can be determined as follows:
Concentration = 50 μg/mL × Absorbance 260 ×
{Dilution Factor} and Purity of DNA = Absorbance
at 260 nm/Absorbance at 280 nm.
After the isolation, DNA samples were taken out
and 7 μL of Bromophenol blue (sample loading dye)
was added and then 15 μL of mixed DNA product
was loaded in 1% agarose gel (50 mL) containing
ethidium bromide at the concentration of 20 μL per
50 mL of gel. The electrophoresis was carried out
for 1 to 2 h at 50 V. After electrophoresis the gel was

placed in the UV transilluminator and bands were
visualized and photographed using a digital camera.
The significance of differences between samples of 2
periods for both quality and quantity was tested by
univariate analysis of variance (ANOVA) using MS
Excel.
Results and discussion
Extraction of DNA from formalin preserved
tissue samples of the 2 fish species was successfully
accomplished and the summary is provided in Tables
1-3 and Figures 1 and 2. The quality of DNA as evident
from the absorbance values at 280/260 nm showed
the absence of excessive proteins (DNA/Protein = 1.6
to 1.8) indicating good quality. Total DNA extracted
from short-term preserved samples of Danio
aequipinnatus and Puntius tambraparniei were 71.5683.4 (mean = 78.66) and 70.36-78.52 (mean = 74.32)
and higher than the amount extracted from longterm preserved samples 43.56-52.38 (mean = 48.44)
and 49.23-53.72 (mean = 51.71) respectively (Figure
1). Though there has been a notable variation in the
amount of DNA extracted among the 2 samples of
different duration, the quality of DNA rather showed
little variation. Results of the one way ANOVA shows
that the variation in the quantity of genetic material
obtained from recently preserved samples of Puntius
tambraparniei (F = 138.30; P > 0.001) and Danio
aequipinnatus (F = 90.05; P > 0.001) was highly
significant (Table 3). Among the recently preserved

Table 1. DNA extracted from 2 sets of tissue samples (2001 and 2007) of Puntius
tambraparniei.
Time of storage
2001

2007

Absorbance

Absorbance

260 nm

280 nm

260 nm

280 nm

Sample 1

0.098

0.062

1.6

0.140

0.083

1.7

Sample 2

0.10

0.063

1.6

0.147

0.087

1.7

Sample 3

0.107

0.066

1.6

0.157

0.089

1.8

Sample 4

0.104

0.064

1.6

0.149

0.083

1.8
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Table 2. DNA extracted from 2 sets of tissue samples (2001 and 2007) of Danio
aequipinnatus.
Time of storage
2001

2007

Absorbance

Absorbance

260 nm

280 nm

260 nm

280 nm

Sample 1

0.098

0.061

1.6

0.143

0.084

1.7

Sample 2

0.098

0.062

1.6

0.156

0.091

1.7

Sample 3

0.105

0.064

1.6

0.162

0.092

1.8

Sample 4

0.097

0.058

1.7

0.166

0.093

1.8

Table 3. Analysis of variance (one way ANOVA) between the tissue samples of 2 species preserved for 2 periods (2001 and 2007).
Danio aequipinnatus

Puntius tambraparniei

F

Significance

F crit

F

Significance

F crit

Quantity

90.05

0.00007**

5.987

138.30

0.00002**

5.987

Quality

22.57

0.0031*

5.987

19.12

0.0047*

5.987

** P > 0.001

* P > 0.01

Quantity of DNA ug/mL

90
78.37

80
70
60
50

81.32

83.4
78.52
74.69
73.74

71.56

52.58
49.27
43.56

48.36

70.36

51.58
49.23

53.72

52.32

40
30
20
10
0

1 2 3 4
1 2 3 4
2001
2007
Danio aequipinnatus

1 2 3 4
1 2 3 4
2001
2007
Puntius tambraparniei

Figure 1. Quantity of DNA extracted from tissue samples of 2 fish species stored under
formalin preservation during 2001 and 2007.
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Figure 2. DNA electrophoresed on 1% agarose gel after
extraction.
Lanes 1 & 2 Puntius tambraparniei (Lane 1 - 2001
sample; Lane 2 - 2007 sample).
Lanes 3 & 4 Danio aequipinnatus
sample; Lane 4 - 2007 sample).

(Lane 3 - 2001

samples the quantity of DNA obtained from Danio
aequipinnatus was higher compared to samples of
Puntius tambraparniei though same amount of tissue
samples were utilized (Figure 1). Although there was
no significant variation in the quality of DNA among
the 2 species samples, the agarose gel image (Figure 2)
of the electrophoresed DNA shows the set of samples
(lanes 1 and 2) kept under preservation for a period
of 6 years exhibit DNA of good quality.
Studies have shown that the extraction of DNA
from formalin fixed and ethanol preserved samples
was possible and the notable feature was that the
quality of DNA varied depending upon the type of

tissue utilized for extraction. Shiozawa et al. (11)
reported a similar amount of DNA yielded from
muscle and liver and a higher yield from gut tissue.
During this study, DNA was extracted from muscle
tissues from specimens that were fixed and preserved
in formalin. Tissue samples that were kept under longterm preservation yielded low quantity of DNA while
a higher quantity of DNA was obtained from shortterm preserved samples. The quality (absorbance
ratio) of DNA yielded was in the range 1.6-1.8,
considered as good, as absorbance ratio values above
1.8 represents good quality DNA (15,16). Hence, this
method could be fruitful for the extraction of DNA
from preserved materials including those collected
from type localities identified as valid voucher
specimens and other specimens that remain as
uncatalogued collections in national museums and
other national repositories. The ability to extract,
amplify, and sequence DNA from formalin preserved
museum specimens increases the information value
of museum holdings (11). Further research should
involve standardizing this method to obtain more
DNA.
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